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Thomas Robinson, MD; Zara Cooper, MD; Selwyn O. Rogers Jr, MD, MPH; Richard N. Jones, ScD;
Edward R. Marcantonio, MD, SM; Sharon K. Inouye, MD, MPH
IMPORTANCE Major postoperative complications and delirium contribute independently to
adverse outcomes and high resource use in patients who undergomajor surgery; however,
their interrelationship is not well examined.
OBJECTIVE To evaluate the association of major postoperative complications and delirium,
alone and combined, with adverse outcomes after surgery.
DESIGN, SETTING, AND PARTICIPANTS Prospective cohort study in 2 large academicmedical
centers of 566 patients who were 70 years or older without recognized dementia or a history
of delirium and underwent elective major orthopedic, vascular, or abdominal surgical
procedures with a minimum 3-day hospitalization between June 18, 2010, and August 8,
2013. Data analysis took place from December 13, 2013, throughMay 1, 2015.
MAIN OUTCOMES ANDMEASURES Major postoperative complications, defined as life-altering
or life-threatening events (Accordion Severity grade 2 or higher), were identified by
expert-panel adjudication. Deliriumwasmeasured daily with the Confusion Assessment
Method and a validatedmedical record reviewmethod. The following 4 subgroups were
analyzed: (1) no complications or delirium; (2) complications only; (3) delirium only; and (4)
complications and delirium. Adverse outcomes included a length of stay (LOS) of more than 5
days, institutional discharge, and rehospitalization within 30 days of discharge.
RESULTS In the 566 participants, the mean (SD) age was 76.7 (5.2) years, 236 (41.7%) were
male, and 523 (92.4%) were white. Forty-seven patients (8.3%) developedmajor
complications and 135 (23.9%) developed delirium. Compared with no complications or
delirium as the reference group, major complications only contributed to prolonged LOS only
(relative risk [RR], 2.8; 95% CI, 1.9-4.0); by contrast, delirium only significantly increased all
adverse outcomes, including prolonged LOS (RR, 1.9; 95% CI, 1.4-2.7), institutional discharge
(RR, 1.5; 95% CI, 1.3-1.7), and 30-day readmission (RR, 2.3; 95% CI, 1.4-3.7). The subgroup
with complications and delirium had the highest rates of all adverse outcomes, including
prolonged LOS (RR, 3.4; 95% CI, 2.3-4.8), institutional discharge (RR, 1.8; 95% CI, 1.4-2.5),
and 30-day readmission (RR, 3.0; 95% CI, 1.3-6.8). Delirium exerted the highest attributable
risk at the population level (5.8%; 95% CI, 4.7-6.8) compared with all other adverse events
(prolonged LOS, institutional discharge, or readmission).
CONCLUSIONS AND RELEVANCE Major postoperative complications and delirium are
separately associated with adverse events and demonstrate a combined effect. Delirium
occurs more frequently and has a greater effect at the population level than other major
complications.
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T hirty-six percent of inpatient operations were per-formed in patients who were 65 years or older.1 Thenumber of patients is projected to increase as the
population ages.1,2 Understanding the risks of adverse out-
comes in the aging surgical population is essential to imple-
menting programs with the potential to decrease morbidity,
mortality, and costs and to increase safety. Postoperative
complications increase with advancing age.3,4 These com-
plications, which occur in 10% to 25% of older persons,3-7
can lead to adverse outcomes, such as disability, loss of
independence, diminished quality of life, high health care
costs, and increased mortality.8 Physiologic changes across
cardiovascular, neurological, and pulmonary systems con-
tribute to the increasing risk of postoperative complications
with advancing age.6,8
Postoperative delirium has been well documented9-12 as
the leading complication of major surgery with adverse con-
sequences in older persons. It is associated with higher
in-hospital and 6-month mortality, functional decline,
greater rates of institutional discharge, longer lengths
of stay (LOS), increased use of hospital resources, and
higher health care costs.9-14 Delirium rates following sur-
gery range from 5% to 50%.12,14,15 Its effect on annual health
care costs is estimated to be more than $182 billion per year
in the United States (reported in 2011 dollars)16 and thus
has received increasing attention as a public health and
patient safety priority.17 Because complications and
delirium are often preventable, they can be tracked
and monitored as markers of quality of care.18 Such markers
have become a major focus of the National Quality Forum19
and emerged at the forefront of many quality improve-
ment initiatives. The Centers for Medicare & Medicaid
Services plan to use patient safety indicators as part of
evidence-based conditions by which to adjust payments to
hospitals.20
Delirium is often considered a less serious event than
other major postoperative complications. An impetus for
this study was to examine whether delirium should be
considered equivalent to other major life-altering or life-
threatening postoperative complications. Other postopera-
tive complications are risk factors for delirium; delirium and
complications can coexist. However, to our knowledge, the
interrelationship of delirium and other postoperative com-
plications on the occurrence of adverse outcomes following
elective noncardiac surgery has not been well examined.
Specific aims were to evaluate the association of major
postoperative complications and delirium with adverse
outcomes (prolonged LOS, institutional discharge,
and 30-day readmission) and to examine the combined
effect of postoperative complications and delirium
on adverse outcomes. For this study, delirium was not
counted among the major postoperative complications
but was instead considered separately. Our a priori hypoth-
eses were that major complications and delirium would be
separately and independently associated with adverse
outcomes and that the highest risk of adverse outcomes
would be seen in the presence of both delirium and other
complications.
Methods
Study Participants
The Successful Aging after Elective Surgery (SAGES) study21
is a prospective cohort study of older adults who underwent
major elective surgery. The study design and methods have
been described in detail previously.21 In brief, eligible partici-
pants were 70 years or older, English speaking, and sched-
uled to undergo elective surgery at Beth Israel Deaconess
Medical Center or Brigham and Women’s Hospital, with an
anticipated LOS of at least 3 days. Eligible surgical procedures
withmoderate to high risk of incident delirium included total
hip or knee replacement; lumbar, cervical, or sacral laminec-
tomy; lower-extremity arterial bypass surgery; open ab-
dominal aortic aneurysm repair; and open or laparoscopic
colectomy. Exclusion criteria included evidence of dementia,
active delirium or hospitalization within 3months, a terminal
condition, legal blindness or severe deafness, a history of
schizophrenia or psychosis, and a history of alcohol abuse or
withdrawal. A total of 566 patients met all eligibility criteria
and were enrolled between June 18, 2010, and August 8,
2013. Written informed consent for study participation was
obtained from all participants according to procedures
approved by the institutional review boards of Beth Israel
Deaconess Medical Center and Brigham and Women’s Hospi-
tal (the two study hospitals) and Hebrew SeniorLife (the
study coordinating center).
Assessment ofMajor Postoperative Complications
Major postoperative complications other than delirium were
defined as those that occurred during the hospital stay fol-
lowing the index surgery and were obtained through a
detailed medical record review conducted by trained
research physicians. An expert panel of 3 geriatricians (L.J.G.,
E.R.M., and S.K.I.) and 1 surgeon (Z.C.), who were masked to
delirium status and all study outcomes, adjudicated the pres-
ence and severity of all complications. Complications were
considered major when they met or exceeded Accordion
Severity grade 222 and were defined as life threatening (eg,
high mortality) or life altering (eg, stroke with neurological
sequela) by the expert panel. The expert panel excluded uri-
nary tract infection, deep vein thrombosis without pulmo-
nary embolism, and anemia with or without blood transfu-
sion because these were not considered life altering or life
threatening. Serious complications related to these exclu-
sions (eg, sepsis, pulmonary embolism, or unplanned return
to surgery) were included. All complications were reviewed
by at least 3 of the 4 adjudicators; the surgeon reviewed all
cases. To achieve consensus, agreement was required by at
least 2 of the 3 final adjudicators. The final set of major com-
plications included in the analysis is shown in Table 1.
DeliriumDiagnosis
Delirium assessment was conducted daily beginning the day
after surgery by trained staff using the Confusion Assess-
ment Method (CAM),23 augmented with a validated medical
record reviewmethod.24 TheCAMhas beenvalidated inmul-
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tiple settings and is a widely used standardized method for
identifying delirium with a high sensitivity of 94% (95% CI,
91%-97%),highspecificityof89%(95%CI,85%-94%),andhigh
interrater reliability (κ = 0.70-1.00).24,25 The CAM algorithm
requires thepresenceof acute change inora fluctuatingcourse
of mental status symptoms, inattention, and either disorga-
nized thinkingor analtered level of consciousness to fulfill cri-
teria for delirium. The CAM was rated based on information
fromparticipant interviews, including a brief cognitive test,21
the Delirium Symptom Interview,26 and reports from family
members or nurses. Findings were adjudicated by a geriatri-
cian and a neuropsychologist, both of whom had extensive
training indeliriumassessment. For thevalidatedmedical rec-
ord review,abstractors searchedall sectionsof themedical rec-
ord and coded as yes if any keywords or descriptors of de-
lirium were noted in the delirium assessment.23,27 The
combination of the CAM with validated medical record re-
view has been used in previous studies.27
Study Outcomes
Adverse outcomes used in this study were those associated
with high resource use, including prolonged LOS, institu-
tional discharge, and readmissiondefinedat 30days. TheLOS
wasobtained fromthemedical record review.Acutoff ofmore
than 5 days (greater than themean of 5.2 days in our sample)
was used to indicate a prolonged LOS. Institutional discharge
includedanydischarge to anursinghomeor subacuteor acute
rehabilitation facilityandwasobtainedfromthedischargenote
in themedical records.Readmissionwithin30days toanyhos-
pital following surgery was self-reported by study partici-
pants at a follow-up interview 1 month after surgery. The ac-
curacy of the self-reported information on readmission was
verified by medical record review in a sample of 208 partici-
pants. Overall agreement on the total number of admissions
was 90% (κ = 0.79; 95% CI, 0.71-0.87) and agreement on the
date of the admissions was 99% (κ = 0.78; 95% CI, 0.72-
0.85), indicating substantial agreement.28 A composite vari-
able was created indicating the presence of any of the 3
adverse outcomes.
Other Study Variables
Duringthebaselineassessment,participants reportedtheirage,
sex, years of formal education, race, ethnicity, and marital
status. Medical record review was used to collect comorbidi-
ties, surgery type, anesthesia type, and American Society of
Anesthesiologists classification. Comorbidity burdenwas cal-
culated using the Charlson Comorbidity Index,29 which pre-
dicts 10-year mortality by assigning points to each comorbid
condition,withahigher score indicatinggreatermortality risk.
Physical functionbefore admissionwasassessedusing theAc-
tivities ofDaily Living (ADL) and InstrumentalADLscales.30,31
Participants were considered impaired if they required help
from another person with any of the activities.
Statistical Analysis
Thebaseline characteristics and rates of adverse outcomes for
participantswith andwithout deliriumandmajor postopera-
tive complications are reported as means (SDs) for continu-
ous variables and proportions for categorical variables. The
sample was analyzed in 4 groups consisting of patients with
(1) no complications or delirium (which served as the refer-
ence group); (2) complications only; (3) deliriumonly; and (4)
complications and delirium.
Robust Poisson regression32wasused toestimate the rela-
tive risk (RR) and 95% CI for each adverse outcome as well as
theriskofanyadverseoutcomeassociatedwithdeliriumand/or
major postoperative complications.Modelswere adjusted for
baselineage inyears,male sex,nonwhite race, anesthesia type
(general vs spinal), Charlson Comorbidity Index score,29 and
typeof surgery (orthopedic vs vascular or general). Thepopu-
lationattributable risk,whichmeasures theproportionof each
clinical outcome that couldpotentially be reduced if either ex-
posure (complications or delirium) was eliminated, was cal-
culated as the product of a function of the RR of the outcome
associatedwith the exposure and the prevalence of the expo-
sure.All analyseswere conductedusingStataMP, version 13.0
(StataCorp LP). Null hypotheseswere testedusing a 2-tailed α
of .05.
Results
Table 1 shows the incidenceand frequencyof eachmajorpost-
operative complication other thandelirium.Of the47partici-
pantswithmajor complications,most (36 [76.6%]) had 1 com-
plication, 10 (21.3%) had 2 complications, and 1 participant
(2.1%) had 4 complications. The most common complica-
tionswere unstable arrhythmias (23 of 566 [4.1%]) or respira-
tory failure (11 of 566 [1.9%]). Other surgical complications (8
of566[1.4%]) includedunplannedreturnto theoperatingroom
for a range of procedures, such as umbilical hernia repair, spi-
nal abscess incision and drainage, abdominal compartment
Table 1. Rates ofMajor Postoperative Complications in 566 Patients
Major Complications, Excluding Delirium Patients, No. (%)
Unstable arrhythmiaa 23 (4.1)
New heart blockb 1 (0.2)
NSTEMI 4 (0.7)
Respiratory failurec 11 (1.9)
Pulmonary embolism 5 (0.9)
Pneumonia 2 (0.4)
Sepsis 2 (0.4)
New renal failured 2 (0.4)
Stroke 2 (0.4)
Surgical complicationse 8 (1.4)
Any complication 47 (8.3)
Abbreviation: NSTEMI, non-ST segment elevationmyocardial infarction.
a New atrial fibrillation and/or flutter or other supraventricular tachycardia
requiring treatment.
bRequiring a pacemaker.
c Includes pulmonary edema, respiratory distress, reintubation, and inability to
wean from a ventilator.
d Requiring dialysis.
e Surgical wound infection, surgery-specific complications, and unplanned
return to the operating room.
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syndrome, anastomotic leak,wound exploration, deep surgi-
cal site infections, and drainage of a pelvic abscess.
The baseline characteristics of the 566 study participants
are shown inTable 2. Themean (SD) agewas 76.7 (5.2) years. A
total of 236 participants (41.7%) were men and most (523
[92.4%]) were white. Themost frequently performed surgical
procedures were orthopedic (460 [81.3%]), followed by gen-
eral (71 [12.5%]) and vascular (35 [6.1%]). Participants under-
went 116 (20.5%) totalhip replacements,209(36.9%) totalknee
replacements, 113 (20.0%) lumbar laminectomies,22(3.9%)cer-
vical laminectomies, 23 (4.1%) lower-extremity bypasses, 12
(2.1%)openabdominal aortic aneurysmrepairs, 32 (5.7%)open
colectomies, and39(6.9%) laparoscopiccolectomies.Mostpro-
cedures (479 [84.6%]) used general anesthesia. Overall, this
groupwashighlyfunctional,withonly42(7.4%)havinganyADL
impairment. Major complications occurred in 47 participants
(8.3%) and delirium occurred in 135 participants (23.9%).
Differences in baseline characteristics across the 4 study
subgroups are shown in Table 2. The subsample of partici-
pants with complications only (no delirium) had the highest
mean (SD) age (79.2 [6.5] years)whereas thosewithbothama-
jor complication anddeliriumhadhighermean (SD) scores on
theCharlsonComorbidity Index (2.4 [1.9]), Instrumental ADL
impairment (9 of 20 [45.0%]), andmean (SD) American Soci-
ety ofAnesthesiologists classifications (18 of 20 [90.0%]were
class 3).
The distribution of adverse clinical outcomes overall and
across the 4 study subgroups is shown inTable 3. Overall, the
Table 2. Characteristics of the Study Population
Characteristic
Valuea
Full Sample
(N = 566)
No Complications
or Delirium
(n = 404)
Complications
Only
(n = 27)
Delirium Only
(n = 115)
Complications
and Delirium
(n = 20)
Age, mean (SD), y 76.7 (5.2) 76.3 (5.1) 79.2 (6.5) 77.7 (5.0) 76.1 (5.0)
Male sex 236 (41.7) 168 (41.7) 15 (55.6) 42 (36.5) 11 (55.0)
Low educational level 24 (4.2) 17 (4.2) 0 5 (4.3) 2 (10.0)
Not white or Hispanic 43 (7.6) 29 (7.2) 1 (3.7) 13 (11.3) 0
Unmarried 231 (40.8) 165 (40.8) 10 (37.0) 53 (46.1) 3 (15.0)
Charlson Comorbidity Index score, mean (SD) 1.0 (1.3) 0.9 (1.2) 1.5 (1.8) 1.1 (1.2) 2.4 (1.9)
≥2 167 (29.5) 101 (25.0) 8 (29.6) 46 (40.0) 12 (60.0)
Any ADL impairmentb 42 (7.4) 27 (6.7) 3 (11.1) 11 (9.6) 1 (5.0)
Any Instrumental ADL impairmentb 157 (27.7) 100 (24.8) 8 (29.6) 40 (34.8) 9 (45.0)
Surgery type
Orthopedic 460 (81.3) 337 (83.4) 17 (63.0) 94 (81.7) 12 (60.0)
Vascular 35 (6.2) 19 (4.7) 5 (18.5) 7 (6.1) 4 (20.0)
General 71 (12.5) 48 (11.9) 5 (18.5) 14 (12.2) 4 (20.0)
Anesthesia type
General 479 (84.6) 336 (83.2) 23 (85.2) 101 (87.8) 19 (95.0)
Spinal 78 (13.8) 63 (15.6) 2 (7.4) 12 (10.4) 1 (5.0)
Both 4 (0.7) 2 (0.5) 1 (3.7) 1 (0.9) 0
ASA classification
1 2 (0.4) 2 (0.5) 0 0 0
2 207 (36.6) 166 (41.1) 8 (29.6) 31 (27.0) 2 (10.0)
3 352 (62.2) 234 (57.9) 17 (63.0) 83 (72.2) 18 (90.0)
4 5 (0.9) 2 (0.5) 2 (7.4) 1 (0.9) 0
Abbreviations: ADL, Activities of Daily Living; ASA, American Society of
Anesthesiologists physical status classification system.
a Data are presented as the number (percentage) of patients unless otherwise
indicated.
b Impairment was defined as any impairment in 1 or more basic (or Instrumental)
activity of daily living.
Table 3. Adverse Outcomes by Complication and Delirium Status
Status
Length of Stay No. (%)
Mean (SD), d >5 d, No. (%) Institutional Discharge 30-d Readmission Any Adverse Outcome
Total sample (N = 566) 5.2 (3.3) 144 (25.4) 323 (57.1) 67 (11.8) 399 (70.5)
No complications or delirium (n = 404) 4.6 (1.8) 69 (17.1) 202 (50.0) 34 (8.4) 252 (62.4)
Complications only (n = 27) 7.5 (3.8) 17 (62.9) 13 (48.1) 5 (18.5) 22 (81.5)
Delirium only (n = 115) 5.5 (2.1) 40 (34.8) 93 (80.9) 22 (19.1) 105 (91.3)
Complications and delirium (n = 20) 13.3 (11.4) 18 (90.0) 15 (75.0) 6 (30.0) 20 (100)
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mean (SD) LOS was 5.2 (3.3) days, while the reference group
(no complications or delirium) had a mean (SD) LOS of 4.6
(1.8) days. The mean (SD) LOS was highest in the subgroups
withcomplicationsonly (7.5 [3.8]days) andcomplicationsand
delirium (13.3 [11.4] days).
A total of 323 participants (57.1%) were discharged to an
institution. The overall proportion of patients who were dis-
charged toan institutionwasgreater in the subgroupswithde-
liriumonly (93of 115 [80.9%]) andboth complications andde-
lirium(15of20[75.0%]) than inthosewithmajorcomplications
only (13 of 27 [48.1%]). Readmission within 30 days occurred
in 11.8% of the total sample (n = 67), with a larger number in
those with both major complications and delirium (6 of 20
[30.0%]). Together, major complications and delirium ex-
erted a cumulative effect on rehospitalization.
Adjusted risksof adverseoutcomesacross the4studysub-
groups are presented in Table 4. Participants with complica-
tions only (n = 27) were more likely to have a prolonged LOS
(RR, 2.8; 95%CI, 1.9-4.0) than thosewithno complications or
delirium, but this subgroup had no other significant associa-
tion with adverse outcomes. The subgroup with delirium
only (n = 115) had significantly increased risks for all adverse
outcomes, including a nearly 2-fold increased risk of pro-
longed LOS (RR, 1.9; 95% CI, 1.4-2.7), a 50% increased risk of
institutional discharge (RR, 1.5; 95% CI, 1.3-1.7), and an
increased risk of more than 2-fold (RR, 2.3; 95% CI, 1.4-3.7)
of 30-day readmission compared with those without com-
plications or delirium. The subgroup with both complica-
tions and delirium (n = 20) had the largest increased RRs for
all adverse outcomes, including prolonged LOS (RR, 3.4;
95% CI, 2.3-4.8), institutional discharge (RR, 1.8; 95% CI,
1.4- 2.5), and readmission (RR, 3.0; 95% CI, 1.3-6.8) com-
pared with the other groups.
Theassociationsofdelirium,major complications, orboth
aremeasuredwith the composite variable of any adverse out-
come shown in Table 5. Across all subgroups, when com-
pared with the reference group of no complications or de-
lirium, the RR of any adverse outcome was substantially
increased. Delirium exerts the strongest risk on adverse out-
comes at a population level (for any adverse outcome, 5.8%
[95% CI, 4.7-6.8] for delirium only vs 0.8% [95% CI, 0.0-1.5]
for complicationsonly, and1.3%[95%CI, 1.0-1.6] forbothcom-
plications and delirium).
A descriptive analysis among surgery subtypes (eTable in
the Supplement) showed no difference in delirium incidence
oranyadverseoutcome.Therewasadifferencenoted forpost-
operative complications and individual adverse events.A sen-
sitivity analysis did not demonstrate any statistically signifi-
cant difference in RRs of adverse outcomeswith andwithout
adjustment for orthopedic surgery.
Discussion
This study investigated the rates of incidentmajor complica-
tions and delirium following major elective surgery in older
adults. It is unique in examining their separate contributions
to adverse outcomes and their interrelationship in contribut-
ing to these outcomes. Major complications alone contrib-
uted significantly to prolongedLOSonlywhile deliriumalone
contributed significantly to all adverse outcomes (LOS, insti-
tutionaldischarge, andreadmission).Whendeliriumandother
major complications occurred together, the effect on adverse
outcomeswas the greatest, but this effect occurred relatively
infrequently (20 of 566 participants [3.5%]). Delirium is not
consistently considered a major postoperative
complication.4,8,33 However, given its prevalence and clinical
effect, deliriumshould be considered a leading postoperative
complication for predicting adversehospital outcomes.At the
population level, deliriumaloneexerts thegreatest effect,with
Table 5. Association of any Adverse Hospital Outcomes by Complication and Delirium Statusa
Status
Any Adverse Outcome
Patients, No. (%) Adjusted RR (95% CI)b PAR, % (95% CI)c
No complications or delirium (n = 404) 252 (62.4) 1 [Reference] 1 [Reference]
Complications only (n = 27) 22 (81.5) 1.2 (1.0-1.6) 0.8 (0.0-1.5)
Delirium only (n = 115) 105 (91.3) 1.4 (1.3-1.5) 5.8 (4.7-6.8)
Complications and delirium (n = 20) 20 (100) 1.6 (1.4-1.8) 1.3 (1.0-1.6)
Abbreviations: PAR, population attributable risk; RR, relative risk.
a Adjusted for age, sex, race, Charlson Comorbidity Index score, surgery type
(orthopedic vs all others), and anesthesia type (general vs spinal).
b Relative risks were calculated with a generalized linear model, Poisson error
term, log-link, and robust error variance.
c Population attributable risk percentage is the product of a function of the RR
of the outcome associated with the exposure and the prevalence of adverse
outcome. It is the difference in rate of a condition between an exposed
population and an unexposed population.
Table 4. Association of Adverse Hospital Outcomes by Complication and Delirium Statusa
Status
Adjusted Relative Risk (95% CI)b
Length of Stay >5 d Institutional Discharge 30-d Readmission
No complications or delirium (n = 404) 1 [Reference] 1 [Reference] 1 [Reference]
Complications only (n = 27) 2.8 (1.9-4.0) 1.0 (0.7-1.5) 1.6 (0.6-4.2)
Delirium only (n = 115) 1.9 (1.4-2.7) 1.5 (1.3-1.7) 2.3 (1.4-3.7)
Complications and delirium (n = 20) 3.4 (2.3-4.8) 1.8 (1.4-2.5) 3.0 (1.3-6.8)
a Adjusted for age, sex, race, Charlson
Comorbidity Index score, surgery
type (orthopedic vs all others), and
anesthesia type (general vs spinal).
b Relative risks were calculated with a
generalized linear model, Poisson
error term, log-link, and robust error
variance.
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approximately 1 of 17patients inour studyexperiencinganad-
verse outcome attributable to delirium.
Rates ofmajor complications followingelective surgery in
this cohort were 8.3%, with no observed in-hospital mortal-
ity. These rates were lower than some previously published
rates, which ranged from 10% to 25% following noncardiac
surgical procedures. One explanation for the difference is the
wide range of definitions used to define postoperative
complications,4,5,8,18,33,34differences in the typeofsurgery,and
varyingpopulations. In addition,we evaluateddelirium rates
separately while some prior studies4,5,7 included delirium as
a surgical complication. In our cohort, participants who de-
veloped major complications had longer LOS but were not
found to be at increased risk of institutional discharge or re-
admission. It is possible that the LOS related to the occur-
rence of a complicationmayhave allowed sufficient recovery
for the participants to be safely discharged to home.
Delirium occurred more frequently than all other major
complications combined in our surgical population (23.9%vs
8.3%). Our observed rate of delirium was comparable with
other published14 rates for elective noncardiac surgical pro-
cedures,which range from9.0% to 29.1%.Deliriumwas asso-
ciated with prolonged LOS, an increased risk of institutional
discharge, andreadmissionandwasconsistentwithprior stud-
ies,which have demonstrated that delirium is independently
associated with poor postoperative outcomes.35
The largest risk of adverse outcomesoccurred in thepres-
ence of both delirium and postoperative complications. To-
gether, postoperative complications and delirium resulted in
longer LOS, increased risk of postacute discharge, and read-
mission than thepresenceof complications or deliriumalone.
These results suggest that it is important tomanage delirium
andmajor postoperative complications simultaneously to re-
duce the risks posed by both conditions. Efforts should be
implemented in those at high risk of delirium or complica-
tions following elective noncardiac surgery. Preventive strat-
egies, such as theHospital Elder Life Program, proactive geri-
atric consultation, and comanagement services, have been
shown to be effective to reducedelirium, ideallywhen imple-
mented before and continued after surgery.36-40
Delirium following surgery affects hospitals because fail-
ure to prevent delirium can contribute to prolonged LOS, re-
admission rates, increased facility discharges, and ulti-
mately, high resource use. Such use is increasingly being paid
for by hospitals through bundled and global payment sys-
tems. The best way to avoid these penalties is through im-
provements in delirium prevention and management. This
method can also improve the value of care that is provided to
older adults, who are increasingly represented in the evolv-
ing demographics of acute care.
There are several noteworthy strengths to our study, in-
cluding the largeprospectivelycollectedandclinically richdata
set; deliriumassessmentusing state-of-the-artmethods; care-
ful maintenance of masked outcome assessment with re-
spect tomajor complications and adverse hospital outcomes;
medical record reviews by physician experts; a rigorous adju-
dication process of major complications by an expert panel;
and a low rate of missing data.
Our study was limited in that it was conducted at 2 hos-
pitals and included a highly educated, mostly white sample
with a low complication rate—thus, while internal validity is
notaffected,generalizabilitymaybe limited.Findingswillneed
to be replicated in other settings with more diverse samples.
Unfortunately, we did not collect data on themanagement of
complications among subgroups; thus, we could not evalu-
atewhether differences in recognition and treatment of com-
plications may have influenced the findings. Furthermore,
there were few complications and it was not always possible
to establish the temporal relationship between the develop-
ment of the complication anddelirium; therefore, a causal re-
lationship between delirium and complications could not be
examined.
Conclusions
Delirium was associated with increased rates of all adverse
outcomes while major postoperative complications were
associated with prolonged LOS. The highest risk of all
adverse outcomes was seen in the presence of both delirium
and postoperative complications. Given its high prevalence
and negative effect, delirium should be considered as the
leading postoperative complication contributing to adverse
outcomes.
ARTICLE INFORMATION
Accepted for Publication:May 25, 2015.
Published Online: September 9, 2015.
doi:10.1001/jamasurg.2015.2606.
Author Affiliations:Department of Medicine, Beth
Israel Deaconess Medical Center, Harvard Medical
School, Boston, Massachusetts (Gleason,
Marcantonio, Inouye); Aging Brain Center, Institute
for Aging Research, Hebrew SeniorLife, Boston,
Massachusetts (Gleason, Schmitt, Kosar, Inouye);
William F. Connell School of Nursing, Boston
College, Boston, Massachusetts (Tabloski); Division
of Geriatric Medicine andMeyers Primary Care
Institute, University of Massachusetts Medical
School, Worcester (Saczynski); Department of
Surgery, University of Colorado, Boulder
(Robinson); Department of Surgery, Brigham and
Women’s Hospital, Harvard Medical School, Boston,
Massachusetts (Cooper); Department of Surgery,
University of Texas Medical Branch at Galveston,
Galveston (Rogers); Department of Psychiatry and
Human Behavior, Warren Alpert Medical School,
BrownUniversity, Providence, Rhode Island (Jones).
Author Contributions:Drs Gleason and Inouye had
full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs Marcantonio and
Inouye contributed equally as senior authors.
Study concept and design: Gleason, Kosar, Tabloski,
Jones, Marcantonio, Inouye.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Gleason, Kosar,
Robinson, Jones, Inouye.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Gleason, Kosar, Inouye.
Obtained funding: Gleason, Inouye.
Administrative, technical, or material support:
Schmitt, Cooper, Rogers, Inouye.
Study supervision: Tabloski, Rogers, Jones,
Marcantonio, Inouye.
Conflict of Interest Disclosures:None reported.
Funding/Support: This study was supported by
grants P01AG031720, R01AG044518,
R03AG045633, and K07AG041835 (all to Dr
Inouye), K01AG033643 (Dr Saczynski), and
K24AG035075 (Dr Marcantonio) from the National
Institute on Aging, grant D01HP08794 from the
Health Resources and Services Administration, and
Adverse Outcomes After Elective Surgery in Older Adults Original Investigation Research
jamasurgery.com (Reprinted) JAMA Surgery December 2015 Volume 150, Number 12 1139
Downloaded From: http://archsurg.jamanetwork.com/ by a University of Massachusetts User  on 06/14/2016
Copyright 2015 American Medical Association. All rights reserved.
a John A. Hartford Foundation Center of Excellence
Award (Dr Gleason).
Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of themanuscript; and decision to submit
themanuscript for publication.
Additional Contributions: The authors thank the
patients, families, nurses, physicians, and research
staff who participated in the Successful Aging after
Elective Surgery (SAGES) study. This article is
dedicated to thememory of Joshua Bryan Inouye
Helfand andMitsuo Inouye, MD.
REFERENCES
1. Hall MJ, DeFrances CJ, Williams SN, Golosinskiy
A, Schwartzman A. National Hospital Discharge
Survey: 2007 summary. Natl Health Stat Report.
2010;(29):1-20, 24.
2. Etzioni DA, Liu JH, MaggardMA, Ko CY. The
aging population and its impact on the surgery
workforce. Ann Surg. 2003;238(2):170-177.
3. Gajdos C, Kile D, HawnMT, Finlayson E,
HendersonWG, Robinson TN. Advancing age and
30-day adverse outcomes after nonemergent
general surgeries. J Am Geriatr Soc. 2013;61(9):
1608-1614.
4. Polanczyk CA, Marcantonio E, Goldman L, et al.
Impact of age on perioperative complications and
length of stay in patients undergoing noncardiac
surgery. Ann Intern Med. 2001;134(8):637-643.
5. Leung JM, Dzankic S. Relative importance of
preoperative health status versus intraoperative
factors in predicting postoperative adverse
outcomes in geriatric surgical patients. J Am Geriatr
Soc. 2001;49(8):1080-1085.
6. Manku K, Bacchetti P, Leung JM. Prognostic
significance of postoperative in-hospital
complications in elderly patients, I: long-term
survival. Anesth Analg. 2003;96(2):583-589.
7. Liu LL, Leung JM. Predicting adverse
postoperative outcomes in patients aged 80 years
or older. J Am Geriatr Soc. 2000;48(4):405-412.
8. Hamel MB, HendersonWG, Khuri SF, Daley J.
Surgical outcomes for patients aged 80 and older:
morbidity andmortality frommajor noncardiac
surgery. J Am Geriatr Soc. 2005;53(3):424-429.
9. Marcantonio ER, Goldman L, Mangione CM,
et al. A clinical prediction rule for delirium after
elective noncardiac surgery. JAMA. 1994;271(2):
134-139.
10. American Geriatrics Society Expert Panel on
Postoperative Delirium in Older Adults. American
Geriatrics Society abstracted clinical practice
guideline for postoperative delirium in older adults.
J Am Geriatr Soc. 2015;63(1):142-150.
11. Saczynski JS, Inouye SK, Kosar C, et al. Cognitive
and brain reserve and the risk of postoperative
delirium in older patients. Lancet Psychiatry. 2014;1
(6):437-443.
12. Inouye SK, Westendorp RG, Saczynski JS.
Delirium in elderly people. Lancet. 2014;383
(9920):911-922.
13. Robinson TN, Raeburn CD, Tran ZV, Angles EM,
Brenner LA, Moss M. Postoperative delirium in the
elderly: risk factors and outcomes. Ann Surg. 2009;
249(1):173-178.
14. Dasgupta M, Dumbrell AC. Preoperative risk
assessment for delirium after noncardiac surgery:
a systematic review. J Am Geriatr Soc. 2006;54(10):
1578-1589.
15. Marcantonio ER. Postoperative delirium:
a 76-year-old womanwith delirium following
surgery. JAMA. 2012;308(1):73-81.
16. Leslie DL, Marcantonio ER, Zhang Y,
Leo-Summers L, Inouye SK. One-year health care
costs associated with delirium in the elderly
population. Arch Intern Med. 2008;168(1):27-32.
17. National Institute for Health and Care
Excellence. Delirium: diagnosis, prevention and
management: NICE clinical guideline [CG103]. http:
//www.nice.org.uk/guidance/cg103. Published July
2010. Accessed August 3, 2014.
18. Osborne NH, Nicholas LH, Ryan AM, Thumma
JR, Dimick JB. Association of hospital participation
in a quality reporting programwith surgical
outcomes and expenditures for Medicare
beneficiaries. JAMA. 2015;313(5):496-504.
19. National Quality Forum. Endorsement
Summary: Patient safety: Complications.Washington,
DC: National Quality Forum; 2013.
20. Centers for Medicare &Medicaid Services.
Hospital-acquired conditions. Centers for Medicare
&Medicaid Services website. http://www.cms.gov
/Medicare/Medicare-Fee-for-Service-Payment
/HospitalAcqCond/Hospital-Acquired_Conditions
.html. Accessed January 19, 2015.
21. Schmitt EM, Marcantonio ER, Alsop DC, et al.
Novel risk markers and long-term outcomes of
delirium: the Successful Aging after Elective
Surgery (SAGES) study design andmethods. J Am
Med Dir Assoc. 2012;13(9):818.e1-818.e10. doi:10
.1016/j.jamda.2012.08.004.
22. Strasberg SM, Linehan DC, HawkinsWG. The
accordion severity grading system of surgical
complications. Ann Surg. 2009;250(2):177-186.
23. Inouye SK, Leo-Summers L, Zhang Y, Bogardus
ST Jr, Leslie DL, Agostini JV. A chart-basedmethod
for identification of delirium: validation compared
with interviewer ratings using the Confusion
Assessment Method. J Am Geriatr Soc. 2005;53(2):
312-318.
24. Inouye SK, van Dyck CH, Alessi CA, Balkin S,
Siegal AP, Horwitz RI. Clarifying confusion: the
Confusion Assessment Method: a newmethod for
detection of delirium. Ann Intern Med. 1990;113(12):
941-948.
25. Wei LA, Fearing MA, Sternberg EJ, Inouye SK.
The Confusion Assessment Method: a systematic
review of current usage. J Am Geriatr Soc. 2008;56
(5):823-830.
26. Albert MS, Levkoff SE, Reilly C, et al. The
delirium symptom interview: an interview for the
detection of delirium symptoms in hospitalized
patients. J Geriatr Psychiatry Neurol. 1992;5(1):14-
21.
27. Saczynski JS, Kosar CM, Xu G, et al. A tale of
twomethods: chart and interviewmethods for
identifying delirium. J Am Geriatr Soc. 2014;62(3):
518-524.
28. Landis JR, Koch GG. Themeasurement of
observer agreement for categorical data. Biometrics.
1977;33(1):159-174.
29. CharlsonME, Pompei P, Ales KL, MacKenzie
CR. A newmethod of classifying prognostic
comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40(5):373-383.
30. Katz S, Ford AB, Moskowitz RW, Jackson BA,
Jaffe MW. Studies of illness in the aged: the index of
ADL: a standardizedmeasure of biological and
psychosocial function. JAMA. 1963;185:914-919.
31. LawtonMP, Brody EM. Assessment of older
people: self-maintaining and instrumental Activities
of Daily Living. Gerontologist. 1969;9(3):179-186.
32. Zou G. Amodified Poisson regression approach
to prospective studies with binary data. Am J
Epidemiol. 2004;159(7):702-706.
33. Joseph B, Pandit V, Zangbar B, et al. Superiority
of frailty over age in predicting outcomes among
geriatric trauma patients: a prospective analysis.
JAMA Surg. 2014;149(8):766-772.
34. Manku K, Leung JM. Prognostic significance of
postoperative in-hospital complications in elderly
patients, II: long-term quality of life. Anesth Analg.
2003;96(2):590-594.
35. Marcantonio ER, Flacker JM, Michaels M,
Resnick NM. Delirium is independently associated
with poor functional recovery after hip fracture.
J Am Geriatr Soc. 2000;48(6):618-624.
36. Chen CC, Chen CN, Lai IR, Huang GH, Saczynski
JS, Inouye SK. Effects of a modified Hospital Elder
Life Program on frailty in individuals undergoing
major elective abdominal surgery. J Am Geriatr Soc.
2014;62(2):261-268.
37. Chen CC, Saczynski J, Inouye SK. Themodified
Hospital Elder Life Program: adapting a complex
intervention for feasibility and scalability in a
surgical setting. J Gerontol Nurs. 2014;40(5):16-22.
38. Inouye SK, Baker DI, Fugal P, Bradley EH; HELP
Dissemination Project. Dissemination of the
hospital elder life program: implementation,
adaptation, and successes. J Am Geriatr Soc. 2006;
54(10):1492-1499.
39. Marcantonio ER, Flacker JM,Wright RJ, Resnick
NM. Reducing delirium after hip fracture:
a randomized trial. J Am Geriatr Soc. 2001;49(5):
516-522.
40. Friedman SM, Mendelson DA, Bingham KW,
Kates SL. Impact of a comanaged geriatric fracture
center on short-term hip fracture outcomes. Arch
Intern Med. 2009;169(18):1712-1717.
Research Original Investigation Adverse Outcomes After Elective Surgery in Older Adults
1140 JAMA Surgery December 2015 Volume 150, Number 12 (Reprinted) jamasurgery.com
Downloaded From: http://archsurg.jamanetwork.com/ by a University of Massachusetts User  on 06/14/2016
